Ky thuat tri tué nhan tao
\* ) -

BAI TOAN TIM KIEM

GV: ThS. Bui Thi Danh
Email: btdanh@fit.hcmus.edu.vn



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

NOi dung

- Agent
- Bai toan tim kiém
- Tim kiém mu (uninformed search)

- Tim kiém c0 hiéu biét (informed search)
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Agent

- Agent 1a mot thwe thé doc lap, cé kha nang quan sat moi
trwdng (environment, world) va co hanh dong twong ng

nham dat dwoc muc tiéu.
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Reflex agent

- Lwa chon hanh déng dwa trén tri giac hién tai (hoac tri
nho)

- Biét dwoc hodc nhé dwore trang thai hién tai cia moi
trrong.

- Khdng can nhac dén hau qua vé sau, khi lwa chon hanh
doéng
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Planning agent

- Luén tw hdi “chuyén gi sé xay ra néu...”

- Ra quyét dinh dwa trén hau qua dé lai ctia hanh déng

- Biét dwoc cach thre/md hinh ma méi trwérng phan hoi lai
v@i cac hanh déng

- Phai phat biéu c6 hé thong dich dén.



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

NOi dung

- Agent

- Bai toan tim kiém

- Tim kiém mu (uninformed search)

- Tim kiém c6 hiéu biét (informed search)
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Bai toan tim kiém

- M6t bai toan tim kiém bao gom:
- Khbng gian trang thai: S ' . ' ' - - .
- Tap cac hanh déng: Actions(s)
- Trang thai bat dau

- Ham kiém tra trang thai dich: ISEnd(s)

“N”, 1.0
. Ham trang thai ké tiép (successor function) —
.
« Bi kem v&i hanh déng va chi phi “€” 1.0
- L&i gidi cha bai toan tim kiém 1a (mot

ké hoach) dé chuyén dworc tir trang thai bat dau sang trang
thai dich
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Trang thai (state)

» Trang thai cia moi treong bao gom moi chi tiét vé moi

trwong

- Trang thai tim kiém chi lwu gite cac chi tiét can thiét cho

viéc 1én ké hoach hodc ra quyét dinh

/ \ ( Bai toan: an tat ca cac dau cham

*Trang thai: {(x, y); cac dot boolean}

~

Bai toan: tim dwoéng

*Trang thai: (X, y), vi tri *Hanh déng: N, S, E, W

Hanh déng: N, S, E, W *Trang thai ké: cap nhat mot théng tin
*Trang thai ké: cap nhat moét théng tin vi tri va (c6 thé) cap nhat dot

vi tri «Ham kiém tra dich: Tt cd cac dot

\-Ham kiém tra dich: ISEnd(x,y) / \boolean déu false /
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.
Khong gian trang thai

- Tap tat ca cac trang thai tim kiém c6 thé cé tao thanh
khéng gian trang thai
- Kich thwéc cua khéng gian trang thai:
- M@&i trang thai gdm N chi tiét ‘S‘ :‘Dl‘x‘Dz‘x___x‘DN‘
- Mai chi tiét co mién gia tri la D,
- Kich thwéec cua khdng gian trang thai
- Khong gian trang thai cang lon i 11 dO phure tap bai toan

cang cao
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Khong gian trang thai

- Théng tin vé moi trwdng
- S vij tri cGia agent: 120
- S6 dau cham: 30
- S6 vj tri cla mdt con ma: 12
- Agentco 4 lwvachon: N, S, E, W

- Trang thai mai trwwd'ng
- 120 x (239 x12x12x 4

- Bai toan tim duwong:
. 120

- Bai toan an tat ca dau cham
. 120 x (2%0)
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Cau hoi
- Bai toan: tim dwong di ngan nhat tiv thanh pho 1 den
thanh phd n, chi di chuyén t&i. Chi phi tie thanh phd i dén |
la c;
i

- Rang budc: Khéng dwoe viéng thdm qua 2 thanh phd 1.

- Trang théi: (thanh phd trwdc 1a 18?, thanh phd hién tai)
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Cau hoi

- Bai toan: tim dwdng di ngan nhat tir thanh phd 1 dén
thanh phd n, chi di chuyén t&i. Chi phi ti thanh phd i dén |
la c;

- Rang budc: can viéng tham it nhat 3 thanh phd 18&.

- Trang théi: (min(so thanh pho 1& di qua, 3), thanh phd hién
tai)
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Cau hoi
- Gia st phai di tr thanh phd 1 dén thanh phd n va can

phai viéng tham so thanh pho 1€ nhicu hon thanh pho
chan. Tim tap trang thai nhd nhat?
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Po thj trang théi

- D0 thi trang thai (state graph): mét cach biéu dién hinh hoc
cho bai toan tim kiém
- Méi node twong rng véi mot cau hinh ctia méi trwdng hay trang théai
- Cé&c canh ndi cho biét trang thai ké tiép, mbi canh twong &ng v&i modt hanh
déng.
- Ham kiém tra trang théai dich |a tap cac node dich (thwéng chi c6 mot)
- Trong dd thi trang thai, méi trang thai chi xuat hién duy nhat

mot lan.

- Thuwdng ching ta khéng xay dwng day da do thj trang thai

trén bd nhé vi rat 1on.
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Po thj trang théi
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Cay tim kiém

- Cay tim kiém (search tree): 1a mot cay thé

hién cac hanh ddng va dau ra/hau qua .
twong ng "N”;,l,;{?// %.‘0
- Node goc twong wng voi trang thai bat dau
- CAc node con twong &ng vai trang thai ké tiép cta node . .

cha. e T

- Node la twong &ng v&i trang thai dich
. MGi I&i gidi twong (rng véi mot dwdng di tor gbc dén
node la

- Mbi trang thai c6 thé xuat hién nhiéu hon 1
an.

- Thwdng khdng xay dwng day dd cay tim
kiém trong bd nhé vi rat Ion
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Po thi trang théi vs cay tim kiém

/ D6 thi trang thai \
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Cau hoi

- C6 bao nhiéu node trén cay tim kiém twong &rng v&i do thi
trang thai sau?
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Tim dwong di véi ban d6 Romania

118

Rimnicu Vileca '

11 Pitesti

JMehadia
75
Dobreta
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Tim dwdng di véi ban d6 Romania

- Khéng gian trang thai: cac thanh phd

- Hanh déng: di chuyén theo dwdng di

- Ham trang thai ké tiép:cac thanh phd ké no
- Trang thai bat dau: Arad

- Ham kiém tra trang thai dich: s == Bucharest?
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Tim kiém trén cay

Caad D CFagaras
- M& rong dan cac node tiém nang.
- Dam bao noi lwu gitr th&r tw cac node can duwoc xem xét

(goi la fringe)
- C6 gang mé& rong it node nhat co thé.
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Thuat toan tim kiém trén cay

Input: problem — théng tin bai toan
strategy — chién lwoc duyét
Output: solution — néu tén tai I&i gidi; failure — néu nguoc lai

Khéi tao cay tim kiém v@i trang thai bat dau cta problem

Loop
If khéng con trng vién d& mé rong then return failure
Chon mét node 14 d& mé rong dwa theo strategy
If node dwgc chon la trang thai dich then return solution
else mé& rong node va thém cac node két qua

End

Fringe?
M& rong node?
Chién lvgc duyét?
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CAc thudc tinh clia thuat toan tim kiém

- Pay du (complete): d@m bao tim thay I®i gidi néu thwc sy ton tai 1o
giai?

- Toi wu (optimal): PAm bao tim thay dwéng di cé chi phi thap nhat?

- D6 phure tap tinh toan (time complexity)

- D6 phure tap khoéng gian lwu trir (space complexity)

- Gia sw: .
< ) . . . 1 node
- SO nhanhré & méi node la b b
nodes
- D6 sau tdi da clia cay la m b2 nodes
- C&c |&i gidi nam & cac do sau khac nhau  m tiers <
- Khi d6, s6 lweng node trén ca cay
1+b° +...+b" =0(b") \ o™ nodes
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NOi dung

- Agent

- Bai todn tim kiém

- Tim kiém mu (uninformed search)

- Tim kiém c6 hiéu biét (informed search)
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Tim kiém mu

- Tim kiém theo chiéu sau (Depth-First Search)
- Tim kiém theo chiéu rong (Breath-First Search)
- Tim kiém v@i 1ap sau dan (lterative Deepening)

- Tim kiém v@i chi phi déng nhat (Uniform Cost Search)
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Tim kiém theo chiéu sau (DFS)

- Chién lwoc duyét: mé rong
node sau nhat trwdc

- Fringe: s dung ngan xép
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Thudc tinh cua DFS

- Cach thirc mo réng cac node
- Tl bén trai nhat cla cay trudc
- C0 thé phai duyét toan bd cay!
- Néu m la xac dinh, do phtrc tap tinh toan xau nhat la O(b™)
- DO phure tap khong gian lwu trir:
« Chi lwu cac node anh/em cua cac node trén dwdong di dang xét, O(bm)
- Day du?
- Giéa tri m c6 thé khéng xac dinh, chi ddy di néu ngan dwoc chu trinh
- T6i wu?

- Khong, vi luén tim thay I&i gidi “trai nhat”, bat chap do sau hay chi phi.
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Tim kiém theo chiéu rong (BFS)

- Chién lvgc duyét: mé@
rong node & mirc can
nhat trwéc

- Fringe: str dung hang doii

nﬁlii'u!'ﬁﬂF
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Thudc tinh cua BFS

- Cach thirc moé rbng cac node:
- Xt ly tat ca cac node & phia trén I&i gidi “can nhat”
- Goi dd sau cla loi gidi “can nhat” la s, thot gian tim kiem 12 O(b9)
- PO phire tap khong gian lwu triy
. Lwu tat ca cac node & tang cudi cling, O(bs)
- Day du?
. CO, vi s 1a xac dinh néu ton tai 1&i giai
- TOi wu?
- Chi khi tat ca cac chi phi déu bang nhau
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Lap sau dan (ID hoac IDS)

- Y twdng: két hop wu diém vé khoéng gian lwu trir ciia DFS
va dé phtrc tap tinh toan cua BFS
- Trién khai:
- Cai dat DFS v¢i db sau gi¢i han
. Thyc thi DFS vé&i do sau gisi han 1a 1. Néu khong tim thay [6i giai...

- Thye thi DFS vé&i dd sau gidi han 1a 2. Néu khéng tim thay I1&i giai. ..
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Tim kiém v&i chi phi ddng nhat (UCS)

- BFS tim dwdng di ngan nhat theo y nghia sb bwdc di
chuyén it nhat

- BFS khong tim dwdng di cho chi phi nhd nhat
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Tim kiém chi phi déng nhat (UCS)

- Chién lvgc duyét: mé@
rong node co chi phiré
nhat trwdc

- La chi phi tt trang thai bat dau
dén node do.

- Fringe: s&r dung hang doii
cO db wu tién
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Thudc tinh cua UCS

- Cach thirc md rdng cac node
- X0 ly tht ca cac node c6 chi phi nhé hon I1&i gidi “nhd nhat”
- Néu chi phi cta 1&i gidi 1a C* va cac canh c6 chi phi nhé nhat Ia € thi dd sdu wéc chirng 1a
C*le
- D6 phtrc tap tinh toan la O(b®"¢)
- D6 phure tap khong gian lwu triv
- Phai lwu tang x& ly cudi cing O(bC*)
- Pay da?
- C0, néu loi gidi “nhé nhat” co chi phi xac dinh va tat ca cac canh cé chi phi khéng am
- TOi wu?
. C6
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Tim kiém chi phi déng nhat (UCS)

- Duyét cac trang thai theo moi hwdng

- Khdng s dung théng tin vé trang thai dich

Goal
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NOi dung

- Agent

- Bai todn tim kiém

- Tim kiém mu (uninformed search)

- Tim kiém c6 hiéu biét (informed search)
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Tim kiém c0 hiéu biét (informed search)

- Heuristic
- Tim kiém tham lam (Greedy Search)
- Thuat giai A*
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Heuristic tim kiém
- Heuristic 1& mot ham wéce lwong mire do gan
- Ki hidu: h(s), v6i s Ia trang thai.

- Heuristic dwoc thiét ké cho tirng bai toan tim kiém cu thé

- Mét sb vi du: khoang céch Euclidean hay Manhattan cho

bal tim duwr
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Vi du - ham heuristic

CuuDuongThanCong.com

to Bucharest
Arrad
Bucharest
Cralova
Dobreta
Eforie
Fagmaras
Gilurgiu
Hirsova
lasi
Lugoj
Mehadia
Nearmt
Oradea
Ploestd
Rimnicu Vilcea
Sibin
Timisoara
Uirriceni
Vaslui
Lerind

h(x)
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ﬁtrmglﬂ—]me distance

366
0

| G
242
161
178
7
151
224
244
241
234
380
98
193
253
329
B0
19%
174
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Tim kiém tham lam (greedy search)

- Cach thirc moé rbng cac node:

- M¢& réng node ma agent nghi la

- Heuristic: wéc lwong khodng céch t&i dich gan nhat cho méi node.
- Trw'ng hop phd bién

- Thwdng sé dwa ching ta thang tdi dich, nhwng khéng phai 1a chi phi tbt

nhat

- Trwdng hop xau nhat:

- Nhuw thuat toan DFS nhwng dwoc dinh huwéng khdng tot.
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Thuét giai A*

- Y twédng: két hop UCS va tim kiém tham lam

- UCS: th tw duyét dwa theo chi phi tt trang thai bat dau
dén no, g(n)

- Tim kiém tham lam: th& tw duyét dwa theo chi phi wéc
lwong ttr N6 dén trang thai dich, h(n)

- Thuat gidi A*; thi tw duyét dwa theo tdng f(n) = g(n) +
h(n)
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Thuat giai A*

1. Khai tao tap OPEN = {start}, CLOSED = {}, g(start) = 0, f(start) = h(start)
2. 1f OPEN == {} then return failure
3. Chon trang thai co6 chi phi nhé nhat tv OPEN, n. Pwa n vao CLOSED.
4. If n la trang thai dich then return solution
5. M& réng node n. V&i mbi m 1a node con cla n, ta co:
If m khéng thuéc OPEN hay CLOSED then:
Gan g(m) =g(n) + C(n, m)
Gan f(m) = g(m) + h(m)
Thém m vao OPEN
If m thuéc OPEN hoac CLOSED then:
Gan g(m) = min {g(m), g(n) + cost(n, m)}
Gan f(m) = g(m) + h(m)
If f(m) giam va m thuéc CLOSED then:
Puwa m tré lai OPEN
End

Quay lai budc 2.
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A* co tOi wu?

- Chi phi wéc lwong (cho trworng hop tot) cao hon chi phi

thwe (cho trwdrng hop xau)

- Chuing ta can cac wdc lwong nhd hon chi phi thwe té
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Heuristic ¢ thé chap nhan

- Mt heuristic 1a c6 thé chap nhan (admissible) néu:
O£ h(n)E h*(n)
- Trong d6, h*(n) 1a chi phi thwe té dén dich gan nhat
- Dinh ly: Néu h(n) la admissible, thuat toan A* v&i cay tim

kiém la toi wu.
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Tao céac heuristic co thé chap nhan

- Théong thwdng, admissible heuristic la cac |1&i giai cho cac
bai téan dwoc ndi long rang bubc (relaxation), & dé ¢6

nhiéu hanh déng m&i dwoc cho phép

- DA4i khi cac inadmissible heuristic cling co ich
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Su ndi long (relaxation)

- Lam sao dé co mot heuristic t6t?
- Ly twéng thi h(s) = h*(s). Diéu nay khé nhw gidi quyét bai toan gbc
- Thay vi ding h*(s) cta bai toan gbc, chiing ta ding h*(s) ctia bai toan dé
hon
- Heuristic tét lién quan dén mé hinh hda, khéng phai xay dwng thuat toan
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Sw ndi léng

Giam chi phi

Loai bo rang bubc

dLoi gia‘Ai Tim kiém thrc]: barl1
ang gan d8 hor 0an co
dung doéc lap

- Két hop cac heuristic bang ham max
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L&i gidi dang gan dung

- Muc tiéu: di chuyén tlr 6 hinh tam giac dén hinh tron
- N&i I6ng: bo cac bire twdng di

A

Hard Easy

. h* chinh la khoang cach
Mahattan

- > S dung h*(n) nay dé l1am heuristic
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Tim kiém dé hon

- Bai toan goc
- Trang thai bat dau: 1
- Hanh déng walk: t&r s dén s+1( chi phi la 1)
- Hanh déng tram: t&r s dén 2s(chi phi la 2)
- Trang thai dich: n
- Rang budc: sé hanh ddng tram khdéng dwoc nhiéu hon walk

- Trang thai: (vi tri, #walk - #tram)
- S trang thai tir O(n) thanh O(n?)
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Tim kiém dé hon

- Gilr cac thdng tin bai toan gbc, nhwng loai bd rang budc

- Trang thai sau n&i l6ng: (location)

- Bai ton sau khi ngi I6ng: tim dwdng di tir thanh pho 1
dén thanh pho n.

- GP1: Ham h*(location) cua quy hoach déng
- GP2: g(location) cua UCS nhwng tim dwdng ttr trang thai dich t&i trang
thai bat dau.

Start state: n

Walk action: from s to s — 1 (cost: 1)
Tram action: from s to s/2 (cost: 2)
Goal state: 1
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Bai toan con doc lap

[8 puzzle]

- Bai toan gdc: cac manh ghép khéng dwoc chéng 1én nhau
- N&i 16ng: Cac manh ghép co thé chong 1én nhau.

- Bai toan sau khi n&i Iong: 8 bai toan con déc Iap nhau.
- M®&i bai toan con twong (rng véi mdt dang gan dung (slide trwde).
- Ham heuristic 1a ham téng cta cac bai toan con.
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Nhac lai

. Cac bai toan not 1ong dwoe str dung dé 1ay gia tri cho
ham heuristic h(s) nham dinh hwéng tim kiém. Cac 1&i giai
cua bai toan n&i léng hong phat [a lod gial cua bal toan

goc.
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Tal liéu tham khao

- Artificial Intelligence: A Modern Approach, 3" Edition, S.
Russel and P. Norvig, Pearson Education Inc., 2010
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OpenCourseWare, Masachusetts Institute of Technology

- Artificial Intelligence: Principles and Techniques, Stanford
courses, Autumn 2015.
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